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Abstract. Multiband VRIJHK photometry of the Blazar PKS 0537-441 obtained with the REM telescope from December 
2004 to March 2005 is presented. A major period of activity is found with more than four magnitudes var iability i n the V filter 
in 50 days and of 2.5 in 10 days. In intensity and duration the activity is similar to that of 1972 reported by Egaen 1 1973), but it 
is much better documented. No clear evidence of variability on time-scale of minutes is found. Fhe spectral energy distribution 
is roughly described by a power-law, with the weaker state being the softer. 
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1. Introduction 

Blazars are Active Galactic Nuclei (AGN) characterised by 
high variability in all bands and high polarisation. Generally, 
the variability is wavelength dependent, with larger amplitudes 
at higher frequencies and a tendency to hardening with increas- 
ing in tensity (for variability of Blazars see e.g. llJlrich et all 
Il997l) . Optical variability may be very complex, with episodes 
of month to year duration, involving changes of several magni- 
tudes. Intranight episodes of a fraction of a magnitude are not 
rare. 

Fhe photometry of Blazars has started some 30 years ago 
with the very discovery of the class. However, long and system- 
atic campaigns, capable of detectin g short time-scale variabil- 
ity, are relatively uncommon (see iTakalo & S illannaa. 1 19991 
and references therein). Basic problems are, on the one hand, 
the availability of telescope observing time for this kind of pro- 
grams, on the other hand the heavy human commitment re- 



quired by the long observing runs and by the data analysis. 
Automatic (or robotic) telescopes represent a class of instru- 
ments which can overcome the difficulties mentioned above 
possibly together with global networks of observatories such 
as the WEBT (Whole Earth Blazar Telescope 1 ). 

In this spirit a systematic program of photometry of a num- 
ber of southern Blazars was started with the Rapid Eye Mount 
(REM) tele scope, which was con structed by an international 
consortium ( Chinc arini et alll2003l) and designe d to also com- 
plement the Swift mission jGehrels et alll2004l) . 

Here we report results on the Blazar PKS 0537-441, ob- 
tained from December 2004 to March 2005, at a stage when 
the software of the photometric facility providing in real-time 
the quick-look of the analysis was not yet fully operational. 
Fhis paper is organised as follows: in Sect.[2]a description of 
our target source is given; in Sect.[5]we briefly present the in- 
strumentation and data analysis; results and discussions are re- 
ported in Sect.|4] 



Send offprint requests to: S. Covino, covino@merate.mi.astro.it 



1 http://www.to.astro.it/blazars/webt/ 
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2. The Target: PKS 0537-441 

PKS 0537-441 (z = 0.896) is one of the most luminous and 
variable Blazar, at all frequencies. It has been observed re- 
peatedly from the radio to the gamma-rays. The overall spec- 
trum in different intensity states has been discussed in detail 
bv IPian et alJ J2002h . We refer to this paper for literature on 
the source. The infrared to gamma-ray spectrum is well repre- 
sented by synchrotron self-Compton models with a contribu- 
tion from inverse Compton scattering off emission line photons 
at the highest energies. 

Optical photometr y and polari m etry were ca rried out 
in recent years bv [Romero et alJ feOOOl |2002) and by 
lAndruchow et alJ J2005b . who found the source at V — 16.2 - 
15.5, with a polarisation of 10% and in a modest var i ability 
state. An active state is reported by Heidt & Wagner ( 1996) 
with a V variability of ~ 0.3 mag in two nights. 
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3. Telescope and Data Analysis 

3.1. REM 

REM is a 60 cm robotic telescope located at the ESO La Silla 
observatory (Chile). The telescope simultaneously feeds two 
cameras (one for the Near-Infrared (NIR) and one for the opti- 
cal) by a dichroic. The cameras have imaging capabilities with 
the NIR (z\ J, H and K) and visual large band ( V, R, I) filters. 

The main scientific target for REM is the follow-up of the 
early phases of the infrared and optical afterglow of Gamma- 
Ray Bursts (GRBs) detected by space-borne high-energy alert 
systems as Swift 2 . Apart from GRBs, REM serves the com- 
munity as a fast pointing imager particularly suited for multi- 
frequency monitoring of highly variable and transient sources. 
Among the obvious applications of REM idle time there are 
AGN and variable stars multi-frequency monitoring. More in- 
formation about the REM pr oject can be found in IZerbi et alJ 
J200ll) and lCovino et alJ 12004) and references therein. 

3.2. Observation and Data Analysis 

Photometric observations were obtained from 7 December 
2004 to 18 March 2005. Reduction of the REM NIR and optical 
frames was performed following standard procedures. For pho- 
tomet ric analysis we adopted the DAOPHOT package JStetsonl 
1986) applying standard aperture photometry. Relative calibra- 
tion for the light curve was obtained using a frame as a refer- 
ence and computing magnitude shifts to six bright, isolated, 
not-saturated stars in the field. Absolute calibration was de- 
rived in the optical by comparison with photometry obtained 
for the standard star field PG 1323-086 observed during the 
same night of the reference frame. Checks on the stability and 
reliability of the derived zero-points were performed analysing 
frames obtained during different observing runs. Calibration in 
the NIR made use of the 2MASS catalogue 3 . An independent 
check on the photometric errors was done comparing instru- 
mental magnitudes of non-variable stars in the field obtained in 



2 http://swift.gsfc.nasa.gov 

3 http://irsa.ipac.caltech.edu 
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Fig. 1. Optical and NIR light curves of PKS 0537-441 (filled 
symbols). The star reported as comparison (open symbols) is 
one of the six used to perform relative photometry. Photometric 
errors are comparable to the symbol size. The observation du- 
ration for each point is 30 s. Data are reported in Tabled Day 
corresponds to 7 December 2004. 
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Table 1. Photometry of PKS 0537-441 from December 2004 
to March 2005. The UT corresponds to the middle of the expo- 
sures. The gross exposure time is reported. 



different frames. Relative and absolute calibration errors have 
been added in quadrature to the photometric errors derived for 
each object. 

The results of the photometric analysis are reported in 
Tableland shown in Fig.^ Throughout this paper errors are 
reported at lcr confidence level. 



4. Results and Discussion 

Our photometry clearly shows a variation of almost a factor 100 
in the V band in 50 days, and of about a factor 10 in 10 days. 
The maximum brightness occurred at the end of January 2005. 
Some decrease in the optical is apparent thereafter, while in the 
J band the flux continues to rise. The more limited sampling 
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Fig. 2. R filter short-term variability at five epochs for 
PKS 0537-441 (filled symbols). From top to bottom: 21 
January, 31 January, 4 February, 5 February and 12 February 
2005. Time corresponds to the beginning of the observing 
sequence. The star reported as comparison (open symbols) is 
one of the six used to perform relative photometry. No clear 
evidence of short-term variability is detected although a weak 
sign of higher variability for PKS 0537-441 compared to the 
reference star is present. Photometric errors are comparable to 
the symbol size, observation duration, 30 seconds, is reported 
as an horizontal bar superposed on the symbols. 

in H and K bands prevents us to confirm this different trend 
observed in optical and infrared (Fig.^. 

As mention ed in Sect.El active phases are not rare for the 
source. Eg gen dl973l) reported an episode of about four mag- 
nitudes in V from the September 1971 to May 1972. Although 
the amplitude of our event and its duration is similar to that of 
Eggen ill 9731) . we note that our coverage contains much more 
data and in six photometric bands. 
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Frequency (10 14 Hz) 

Fig. 3. Spectral flux distributions at four epochs. For the first 
epoch, in December 2004, the observations spanned from 17 
December to 21 (squares). On 17 January 2005 (circles), 21 
January 2005 (triangles), and 21 February 2005 (diamonds) the 
observation were carried out within one hour. For the errors see 
Tabled The spectral slopes, F(v) cc v~ a , are a = 2.48 + 0.32, 
1.22 + 0.17, 1.04 + 0.04, 1.37 + 0.12, respectively. 



bution. In addition, clarifying the state-dependence of the vari- 
ability character may lead to an understanding of the occasion- 
ally complicated cor relation between variation s at optical and 
high frequencies (see R ector & Perlma nl l2003l) . 

The photometric system of REM is now fully operational, 
and photometric output can be provided in real-time. Were this 
the case during our observations of December 2004 - March 
2005, our photometry could have triggered observations in the 
X- and gamma-bands. In that case the evolution of the spectral 
flux distribution could have been followed over a broad band, 
which is the best test for emission model available so far, and in 
particular for clarifying the meaning of achromatric and chro- 
matric variability in the optical band. Because of its brightness 
and luminosity (z ~ 1) PKS 0537-441 remains an ideal candi- 
date for this kind of studies. 
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No clear evidence of variability within a single night was 
found even if some hints may be present (see Fig.|2]and in par- 
ticular the first box). In fact the percent variation is more than 
twice that of the reference star (2.2% vs. 0.9%). This indicates 
the interest of performing photometry of several hours dura- 
tion, intermediate between one night and a few minutes. 

We fitted our photometric points (weighted by the uncer- 
tainties) with a power-law at various levels of intensity. The 
fits are not always very satisfactory possibly because the pho- 
tometries obtained in the various bands were not strictly si- 
multaneous (Fig.|3}- The low-state of December 2004 clearly 
corresponds to the softest state, a behaviour which is common 
in Blazars and specifically in low-frequency p eaked Blazars 
JPadovani & Giommilll995llFossati et alH i998). On the other 
hand, the observations of January 17 and February 21 exhibit 
within the errors the same slope, while the intensity varied by 
about 0.5 mag. 

This combination of chromatic and achromatic variability 
behaviours is not unusual in Blazars. The optical monitoring 
of Blazars at time scales of hours to minutes has detected 



remarkable flares ( 


Matsumoto et all Il999l iDai et al.1 


2001; 


Villataetall 12002: 


Rector & Perlman, 2003; Fuhrmann et al., 


2005i rWu et all 12005). The simultaneous spectral variations 



are some times clearly correlated with the flux changes, but 
most often there is no clear correlation, so that one possible 
conclusion is that both intrinsic mechani sms (related to the 
propagation of a s hock in the jet, iMarscher & Travis! [1996; 
Spa daetall EoOl) an d geometrical effects (v ariation of rela- 
tivistic beaming factor, Villata & Raiteri, 1999) may concur to 
produce the observed variability and the complex relationship 
between spectrum and flux variations. Very accurate, intensive, 
and regular monitorings are needed to disentangle the differ- 
ent components and estimate the significance of each contri- 
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